The effects of meal frequency and fasting on selected plasma free amino acids (PFAA) was studied in horses. Six 22-mo-old Quarter Horses were used in a replicated 3 • 3 Latin-square design in which each horse received one meal per day (1M), two meals per day (2M) or six meals per day (6M) for 2 wk. A complete pelleted ration was fed at a rate of 1.75% of body weight daily. The consumption of a meal by the horses fed 1M and 2M daily was followed by an increase (P<.05) in plasma methionine. The highest levels were observed at 5 h and 3 h in the 1M and 2M treatments, respectively. The horses receiving the larger meal (1M) also had higher methionine levels. There were no significant changes in plasma methionine levels in the 6M group. Feed was withheld from the 1M group for 48 h and blood samples were obtained for alanine, glutamine, glutamate, lysine and leucine levels. These amino acids also peaked at 5 h, then declined through 19 to 25 h. During the last 24 h PFAA levels increased (P<.05). Although glutamine and lysine appeared to level off at 49 h after the meal, alanine, glutamate and leucine were still increasing.
Introduction
Plasma free amino acids (PFAA) have been used successfully in several species to estimate some dietary amino acid requirements (Zimmerman and Scott, 1965; McLaughlan and lllman, 1967) . The obvious advantage of this technique is a saving in animal and labor costs. In horse nutrition, where little is known about amino acid requirements, this technique could prove extremely useful. The reliability of the technique is based on the assumption that plasma samples represent a balance between dietary availability and tissue turnover. Johnson and Hart (1974) reported large variations in equine PFAA levels due to feeding and fasting and concluded that, depending on the time of sampling, PFAA levels may reflect dietary amino acid availability, amino acid uptake by tissue or amino acid release during protein catabolism.
In many species in which conventional growth studies and PFAA have been used to estimate amino acid requirements, feed is available ad libitum. However, most studies with horses use a two meal per day feeding schedule. As a reference for future research, this study was undertaken to determine the appropriate sampling times for amino acid studies with horses, and whether meal size, feeding frequency or fasting affect PFAA in growing horses.
Materials and Methods
Horses. Six 22-mo-old Quarter Horse mares with an average initial weight of 445 kg were used. Each mare was placed in a 7-x 14-m lot with access to water and iodized salt blocks. The mares were adapted to the experimental diet for 14 d while intake was adjusted to 1.75% of body weight to ensure total consumption by all horses.
Diets. A complete pelleted diet formulated to meet NRC (1978) recommendations was used to facilitate automatic feeding and to reduce meal-eating time (table 1). The mares were offered feed at a daily rate of 1.75% of body weight divided into one (1M), two (2M) or six meals (6M) per day. The meal schedules were initiated after the 14-d adaptation period in a Latin-square design. Each mare was on each feeding schedule for 14 d. Those animals fed 1M or 2M were hand-fed at 0800, or 0800 and 2000, respectively. The animals fed 6M were fed by an automatic feeder controlled with a Paragon timer 4. Weekly feed samples were taken and pooled for ration analysis. Dietary nitrogen was determined by macro Kjeldahl (AOAC, 1975) and acid hydrolysis (Spitz, !973 ) was used for preparation of the ration for the amino acid analysis (table 2) .
Blood Sampling and Analysis. On d 14 of each period, jugular blood samples were taken at 1, 3, 5 and 11 h after the morning feeding at 0800 (hour 0). Additional samples were taken from the horses fed 1M at 13, 19, 25, 29, 33, 37, 41, 45 and 49 h to evaluate the response to a fast. Heparinized blood samples were subsequently centrifuged for 20 min at 3,000 rpm to obtain plasma for the amino acid analysis. The resulting plasma was immediately poured off into prepared vials and stored at 5 C until deproteinated. Plasma proteins were precipatated by the addition of 3.5% 5-sulfosalicylic acid and cold centrifuging. The protein-free supernatant was frozen until analyzed using an automated gas chromatograph with cation exchange resin s . All samples were analyzed for methionine, but the samples from the horses receiving one meal were also analyzed for leucine, alanine, glutamine, glutamate and lysine. Leucine and lysine were chosen as 4 Paragon Power Controller, Model 8025-00, Paragon Electric Co., Two Rivers, WI 54241.
S Beckman Auto-Amino Acid Analyzer, Model 6300. Beckman Instruments, Palo Alto, CA 94300.
examples of branched and non-branched chain amino acids. Alanine, glutamine and glutamate were of interest in fasting horses because of their roles in ammonia transport. The data were analyzed for statistical significance using analysis of variance and the LSD test as described by Steele and Torrie (1960) .
Results and Discussion
Meal Schedule. The effect of meal schedule and meal size on plasma methionine is shown in figure 1 . Frequent feeding of small meals produced relatively constant plasma methionine levels. There were no differences (P>.05) between any of the sample points in the horses receiving 6M. However, when the horses received either 1M or 2M, clear differences between sampling times appeared. In 1M horses, which received their entire ration (1.75% of body weight) at one feeding, maximum plasma methionine levels were observed 5 h after feeding. The horses on the 2M schedule received a smaller meal (.875% of body weight), and had peak plasma methionine levels 3 h after feeding. In both cases the "peak" levels were different (P<.05) than those 11 b after feeding. Johnson and Hart (1974) reported similar fluctuations in several PFAA when mature horses were fed two meals per day, and suggested that "peak" levels could be estimated 2 h after feeding. However, the results of our study indicate that the maximal PFAA concentrations occur 5 h post-prandial if horses are fed one larger meal per day. Thus, it would appear that meal size will influence the time post-feeding at which peak levels of PFAA are reached. This is supported by the recent work of Youket et al. (1985) , which demonstrated a larger increase in blood glucose and total protein following a large meal compared with a smaller meal. The increase in PFAA immediately following a meal reflects dietary factors (Reimour et al., 1970; Featherston, 1972; Czarnecki et al., 1985) . Thus, when questions concerning availability or absorption are of interest, a 1M schedule may be desirable. Comparisons between peak absorptive levels and levels several hours later may reflect the extent of tissue uptake, and also may be useful in identifying the limiting amino acid. The 6M schedule resulted in the least temporal variation in plasma methionine. Levels in horses on a 6M schedule may best represent a balance between amino acid availability and utilization. Using PFAA to establish amino acid requirements has been most successful when animals were allowed free access to feed at all times (Zimmerman and Scott, 1965; Mitchell et al., 1968) . In addition, a multimeal schedule may provide a more constant supply of amino acids for biological processes (Nimrick et al., 1971; Rerat, 1972) . A 6M schedule has been reported to result in greater weight gains in ponies than a 1M schedule (Youket et al., 1985) .
Fasting Study. In the fasting study, alanine, glutamate and glutamine also showed a 5-h absorptive peak (figure 2). The levels then declined and remained low between 13 and 29 h following the meal. This period probably reflects the effect of tissue uptake, as suggested by Johnson and Hart (1974) . However, as the fast progressed, the levels increased, indicating a release of amino acids into the plasma and a decrease in muscle protein anabolism. Amino acids that are not used for protein synthesis are catabolized for energy. Alanine, glutamate and glutamine play major roles in transporting the remaining amino groups to the liver for urea synthesis. In the liver the amino group from alanine is removed and the pyruvate is used for gluconeogenesis. Similarly glutamate and glutamine are glycogenic. The marked increase in plasma glutamate and glutamine and alanine reflect increasing protein catabolism by muscle and other peripheral tissues, as well as decreasing protein anabolism due to a specific, limiting amino acid. Johnson and Hart (1974) reported that the plasma levels of the nonbranched chain essential amino acids increased slightly during a fast, but then leveled off in the last 12 h. By contrast, the branched chain amino acids continued to increase, which was attributed to a lack of branched chain amino acid degradation by liver. In this study the branched chain amino acid, leucine, and the non-branched chain amino acid, lysine, responded similarly to that described by Johnson and Hart (1974) (figure 3) .
In long-term fasts, eventual homeostasis occurs and blood levels of PFAA and other energy substrates stabilize. The fact that PFAA levels had not stabilized by 48 h is consistent with other observations in fasting horses. Rose and Sampson (1982) found that plasma free fatty acid levels and glucose were still changing between 48 and 72 h after a fast.
Conclusion
Plasma free amino acid levels have been successfully used in many species for amino acid studies. In order to be useful for determining amino acid requirements, it appears that horses must receive several meals a day to achieve steady plasma levels. If intake does not have to be standardized, then ad libitum feeding could be used. When absorption or availability of a dietary amino acid is of interest, peak plasma levels can be obtained 5 h after initiation of a single large meal; when a 2M per day schedule is used, sampling at 3 h appears to be satisfactory.
After a meal, PFAA levels decline for approximately 24 h following the absorptive peak, then tend to increase during the next 24 h. The extent and length of the increase appears to vary with each amino acid, but at least leucine, alanine and glutamate are still increasing at 48 h. Consequently, a longer fast is necessary to evaluate the role of PFAA in fasting homeostatis.
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